Introduction
Let A be a finite group and C a finite A-category. For any subset X of the action group A, the X-centralized subcategory, C C (X), is the subcategory of C consisting of all C -morphisms c χ(C C (X)) of the Euler characteristics of the X-centralized subcategories as X ranges over the set C r (A) of commuting r-tuples in A. We are implicitly assuming for instance that C is an EI-category so that X-centralized subcategories have Euler characteristics in the sense of Leinster [23] .
Alternatively, the equivariant Euler characteristics may be computed in the virtual rational representation ring Q ⊗ R Q (A) of A: The rth equivariant Euler characteristic is the character inner product χ r (C , A) = α r (C , A), |C A | A of the rth Euler class function of (C , A), α r (C , A) : A → Q, x → χ r−1 (C C (x), C A (x)), r ≥ 1, and the permutation character |C A | for the action of A on itself by conjugation (Definition 2.10).
An especially interesting case of this general set-up arises when G a finite group, p is a prime, and C = S p+ * G is the Brown poset of nontrivial p-subgroups of G, and A = G acts by conjugation. The G-poset S p+ * G has equivariant Euler characteristics χ r (S p+ * G , G) defined for every r ≥ 0. We shall mainly focus on the cases r = 0, 1, 2 as the significance of the higher equivariant Euler characteristics for r ≥ 3 remains unclear (Remark 2.17). It seems that these three first equivariant Euler characteristics carry some interesting information. For r = 0 it is immediate from the definition that the equivariant Euler characteristic of the Brown poset [38] proved that χ 1 (S p+ * G , G) = 1 when S p+ * G is nonempty. For r = 2, Knörr and Robinson [20, 37] By the theorem of K.S. Brown [8] , reproved by Quillen [27] and Webb [38] among others, the p-part of the group order divides the reduced Euler characteristic of the Brown poset. Theorem 1.1. (3) is an equivariant generalization of Brown's theorem.
In the special case where A is trivial, item (3) of Theorem 1.1 reduces to Brown's theorem while item (1) We note that already in [16, Theorem 6 .3] Hawkes, Isaacs, andÖzaydin prove a more general version of Equation (1.2) and also observe the connection in one direction between the theorems of Brown and Frobenius.
In Section 5 we compute the second equivariant Euler characteristic χ 2 (S p+ * G , G) for the Mathieu group G = M 11 and check the validity of the Knörr-Robinson conjecture for this group (Example 5.6). We also compute ( Table 2) 1.1. Notation. The following definitions and notation will be used throughout this paper: Definition 1.3. Let G be a finite group and p a prime number.
(1) An element g ∈ G of order |g| is p-regular if p |g|, p-irregular if p | |g|, and p-singular if |g| is a power of p Notation 1.4. Let G be a finite group and p a prime number.
• G p = Syl p (G) is the set of p-singular elements of G, the union of the Sylow p-subgroups • |G| p is the p-part and |G| p the p -part of the group order |G| = |G| p |G| p • N G (H, K) = {g ∈ G | H g ≤ K} is the transporter set • O G is the orbit category of G with morphism sets O G (H, K) = N G (H, K)/K (Section 4) • F G is the fusion category of G with morphism sets F G (H, K) = C G (H)\N G (H, K) • R C (G) is the ring of virtual C-characters and R Q (G) the subring of virtual Q-characters of G [29, 12.1] If C is a finite category of subgroups of G then
rad is the full subcategory of C generated by all nonidentity subgroups, p-subgroups, p-regular subgroups, abelian subgroups, elementary abelian subgroups, G-radical p-subgroups, respectively. We shall also use various combinations of superscripts; C p+ * +rad , for instance, denotes the full subcategory of C generated by all nonidentity G-radical p-subgroups of G. C (H, K) denotes the set of C -morphisms from H to K and C (H) = C (H, H) for the C -endomorphism monoid of H. H/C is the coslice of C under H and H//C the strict coslice of nonisomorphisms under H [12, Definition 3.2].
A-categories and A-posets
Let A be a finite group, C a small A-category, and X a subset of A.
Definition 2.1. The X-centralized subcategory of C is the subcategory, C C (X), of C with objects Ob(C C (X)) = C Ob(C ) (X) and with morphism sets
In mathematical symbols, the X-centralized subcategory C C (X) is the subcategory of C consisting of all mor-
for all x ∈ X. In words, the X-centralized subcategory C C (X) is the category of X-stable C -objects with X-stable C -morphisms between them. C C (X) is an N A (X)-category.
If X 1 and X 2 are conjugate subsets of A, then their centralizers in C are isomorphic categories. Indeed, C C (X g ) = C C (X) g for any element g ∈ A and any subset X ⊆ A. For later reference we define A-adjunctions between A-categories and note that there are induced N A (X)-adjunctions between centralizer categories. Definition 2.2. A A-adjunction between the A-categories C and D is a quadruple (L, R, η, ε) consisting of Afunctors, R and L, and A-natural transformations, η (the unit) and ε (the counit),
are the identity transformations.
Proposition 2.3. Suppose that (L, R, η, ε) is a A-adjunction between the A-categories C and D.
(1) The induced maps BC BD BR BL are A-homotopy equivalences between A-spaces.
(2) There is an induced N A (X)-adjunction between the N A (X)-categories C C (X) and C D (X) and the induced
Example 2.4. Let C 2 = τ be the group of order two. The product, G × G, of any group G with itself is a C 2 -group with action given by (g 1 , g 2 )τ = (g 2 , g 1 ), and Proof. Note thet ζ(r, s) = ζ(r a , s a ) for all r, s ∈ S and a ∈ A. The function (s, t) → µ(s a , t a ) satisfies the definining relations
for (s, t) → µ(s, t). It is now clear that the weighting k s = t µ(s, t) and the coweighting k t = s µ(s, t) are constant on the orbits for the A-action on S .
For any two A-orbits x, y ∈ S /A and any two elements s, t ∈ S , let S (s, y) = |{t ∈ y|s ≤ t}| be the number of successors of s in y and S (x, t) = |{s ∈ x|s ≤ t}| the number of predecessors of t in x. Definition 2.6. A weighting on S /A is a function k 
Thus t → k tA is the weighting for S . The Euler characteristic is χ(S ) = t∈S k tA = y∈S /A |y|k y .
Corollary 2.8. S /A has a unique weighting and a unique coweighting induced from the unique weighting and coweighting on S .
Proof. Let k • : S → Z be the unique weighting on S . Since k • is A-invariant (Lemma 2.5) it induces a function k y : S /A → Z on the A-orbits. Since
S (s, y)k y the function k y is a weighting for S /A. Conversely, if k y : S /A → Z is a weighting for S /A then Lemma 2.7 shows that it is induced by the weighting on the poset S .
Equivariant
Euler characteristics of A-categories. As suggested by Atiyah and Segal [4] there is a hierarchy of equivariant Euler characteristics χ r (C , A), and reduced equivariant Euler characteristics χ r (C , A), r ≥ 0, given by
Consult Remark 2.20 for the definition of the set C r (A) of commuting r-tuples in A and for the function ϕ r (B) used in Proposition 2.9 below. If A acts trivially on C then χ r (C , A) equals the usual Euler characteristic χ(C ) multiplied by |C r (A)|/|A| for all r ≥ 0. The relation between the equivariant Euler characteristic and the reduced equivariant Euler characteristic is that
We are here implicitly assuming that the centralizer subcategories do have Euler characteristics in the sense of Leinster [23] . Proposition 2.9. The rth, r ≥ 1, equivariant Euler characteristic of the A-category C is
Similar formulas hold in the reduced case.
Proof. This is immediate from the definition. For instance,
Declare two r-tuples of C r (A) to be equivalent if they generate the same abelian subgroup of A. The number of r-tuples in the equivalence class of the abelian subgroup B ≤ A is ϕ r (B). Therefore we may write
where the sum ranges over the abelian subgroups B of A.
by Möbius inversion in the poset S A of subgroups of A.
Definition 2.10. The rth, r ≥ 1, equivariant Euler class function α r (C , A) of the A-category C is the rational class function on A that takes x ∈ A to α r (C , A)(x) = χ r−1 (C C (x), C A (x)) The reduced Euler class function α r (C , A) is defined similarly using reduced Euler characteristics.
For any x ∈ A and any r ≥ 1 the value at x of the rth equivariant Euler class function is
and for r = 2, in particular,
be the character inner product (symmetric bilinear form) in the complex class function space on A [18, Definition 2.16]. The 1-character 1 A is characterized by the property that its inner product with any class function ϕ is the average ϕ,
)| be the conjugation character: The permutation character for the conjugation action of A on itself. The conjugation character is characterized by the property that the inner product ϕ,
ϕ is the sum of the values of ϕ on the conjugacy classes of A. In particular, the inner product of the rth equivariant Euler class function and |C A | is the rth equivariant Euler characteristic:
Similarly, the inner product of reduced class function α r (C , A) and |C A | coincides with the reduced equivariant Euler characteristic χ r (C , A).
Euler characteristics of A-posets. We now specialize from a finite A-category, C , to a finite Aposet, S . The order ∆-set of S is the A-∆-set, ∆S , of all simplices in S ( §2.4). The equivariant Euler characteristics of a finite A-poset S for r = 0, 1, 2 are 
A similar formula holds in the reduced case.
Proof. For any simplicial complex B let B d denote set the of d-dimensional simplices in B. Then
where the Cauchy-Frobenius Lemma 2.16 justifies the second equality above.
Corollary 2.14. The equivariant Euler characteristics of the finite A-poset S are χ 1 (S , A) = χ(∆S /A) and
for r ≥ 2. The first sum is taken over the set [C r−1 (A)] of conjugacy classes of commuting (r − 1)-tuples in A.
Proof. Proposition 2.13 with H trivial shows that χ 1 (S , A) = χ(∆S /A). Using Proposition 2.9 we get
so that, by induction,
where the last sum is taken over the set [C r−1 (A)] = C r−1 (A)/A of conjugacy classes of commuting r-tuples in A and r ≥ 2. Proof. The first Euler characteristic χ 1 (S , A) = χ(∆S /A) is an integer by Proposition 2.13 since it is the Euler characteristic of a finite ∆-set. By induction, using one of the formulas of Proposition 2.9, we get that χ r (S , A) ∈ Z for all r ≥ 1. By applying this result to (C S (x), C A (x)) we see that the equivariant Euler class function α r (S , A) takes integer values on each x ∈ A when r ≥ 2. We now specialize even further. When G is a finite group, recall that the Brown G-poset S p+ * G is the G-poset of nonidentity p-subgroups of G with the conjugation action. [35] and later S lomińska [31] ), and (3) is equivalent (Section 5) to (the non-blockwise form of) Alperin's weight conjecture [37, Theorem 3.1] .
The significance of the equivariant Euler characteristics χ r (S p+ * G , G) for r ≥ 3 remains unclear. In the case of the alternating and symmetric groups the 3rd reduced Euler characteristics − χ 3 (S 
valid whenever p | |G| (and reminiscent of the class equation).
Example 2.19. The following two tables list the centralizer indices |G : C G (x)| and the centralizer Euler characteristics χ(C S p+ * G (x)) as x runs through the conjugacy classes of G and p runs through the prime divisors of |G| for G = GL 3 (F 2 ) of order 168 and the Mathieu group G = M 11 of order 7920, respectively.
1 165 440 990 1584 1320 990 990 720 720
Note that all rows satisfy Webb's relation (2.18). It is no coincidence that χ(C S p+ * G (x)) = 0 when p divides the order of x (Lemma 3.14).
Remark 2.20 (Commuting r-tuples). For
denote the set of commuting r-tuples in A (with the understanding that C 0 (A) = {e} is the set consisting of the unit element of A).
, and
This follows from the recursive relation
obtained by noting that there are |C r−1 (C A (x))| commuting r-tuples with first coordinate x for any x ∈ A. Let also
be the number of generating commuting r-tuples. Of course, ϕ r (A) = 0 for all r unless A is abelian. When A is abelian
since any abelian group A = p O p (A) is the product of its Sylow p-subgroups. Thus ϕ r is completely determined by its values on cyclic p-groups. Similar to one of the expressions of Proposition 2.9 we get
by using the partition of C r (A) into equivalence classes.
2.4.
Orbit posets and orbit ∆-sets. This subsection contains remarks about orbit posets of A-posets.
Definition 2.21. Let S be an A-poset.
• A simplex in S is a totally ordered subset of S • B(S ) is the set of simplices in S viewed as an A-simplicial complex • ∆(S ) is the set of simplices in S viewed as an A-∆-set
Any A-poset S admits an orbit poset S /A and the A-∆-set ∆(S ) admits an orbit ∆-set ∆(S )/A.
Proposition 2.22. Let S be any A-poset. 
The elements of the totally ordered subset τ are determined by their values under the rank function. Subsets of τ are therefore determined by their images under the rank function. Since the rank function is A-invariant, σ and σ a have the same images, so they must be equal. The first equivariant Euler characteristic is
The dimension function is an A-invariant rank function on sd(S ). The first equivariant Euler characteristic is
For any finite A-group G and any subset X of A, the X-centralized
poset with rank function ρ given by |H| = p ρ(H) for any X-normalized p-subgroup H of G. Thus the first equivariant Euler characteristic of Proposition 2.13
can be expressed entirely within the category of posets. 
by the defining properties of Möbius functions [33, 3.3.7] . 
are a weighting for S p G and a coweighting for S
The weighting is concentrated on the nonidentity G-radical p-subgroups (Lemma 3.1) and the coweighting on the elementary abelian p-subgroups [19, Lemma 3.2]. We observed above that the coweighting can also be viewed as a Möbius function. Let K be any p-subgroup of G. Since the weighting for S 
Proof. We noted above that the weighting k In particular,
Lemma 3.6. For any two subgroups H, K of G,
This finishes the proof.
The point of Proposition 3.4 is that the weighting k H for S p G restricts to the weighting for the G-radical subposet S p+rad G and that the weighting for S p+rad G /G can be computed by solving the linear equation
. . .
Similarly, the coweighting for S p+ * G can be computed entirely inside the subposet S p+ * +eab G by solving the linear equation
are indexed up to conjugacy by subsets of the set Π = {α 1 , α 2 } of fundamental roots for the root system A 2 according to the Borel-Tits theorem [14, Theorem 3.1.3, Corollary 3.1.5]. The weighting k 
where the matrix is the table (S 
3.2. Euler characteristics of centralized subposets of S p+ * G . Suppose now that the group A acts on G.
As in the non-equivariant case (Lemma 3.1) this centralizer poset is contractible as soon as O p (G) is nontrivial.
We can easily determine the unique weighting and coweighting in the sense of Leinster [23] on C S p+ * G (A).
Lemma 3.11. The functions
are a weighting for C S 
where the sum to the left runs over the nonidentity G-radical A-normalized p-subgroups of G and the sum to the right over the nonidentity elementary abelian A-normalized p-subgroups of G.
Proof. The adjunctions of [12, §6] 
between centralizer posets (Proposition 2.3). In the notation of [12, Theorem 3.7] , the weighting for C S p+ * G (A) is
Similarly, the coweighting for Proposition 3.13. The weighting k
We omit the proof of Proposition 3.13 which is similar to that of Proposition 3.4 with Lemma 3.10 replacing Lemma 3.1.
Proof of Theorem 1.1.(2). Let K be an A-normalized p-subgroup of G. The weighting for C S p G (A) (Lemma 3.11) restricts to the weighting for the contractible left ideal
generalizing the nonequivariant Equation (3.3).
The next lemma applies in the special case where A is a subgroup of G acting on S G by conjugation.
Lemma 3.14. 
with contributions only from the p-regular abelian subgroups A of G. 
If p divides the order of x, O p ( x, y ) is nontrivial and χ(C S p+ * G ( x, y )) = 0 for all y by Lemma 3.14. (3) is 
C| by Frobenius reciprocity. Use Corollary 3.15.(4) to get the final equality. It is perhaps worth noting that the factor x∈C |C G (x)|/|N G (C)| from Equation (3.16) is a natural number.
Proof. Note that the function x → |C G (x)| is constant over the orbits for the N G (H)-action on H. For any element x 0 ∈ H, the contribution to the sum x∈H |C G (x)| from the orbit through x 0 , |N G (H) : 
However, when p | |A| and A is nonabelian, the two Euler characteristics may not be equal: Let p = 2, G = Σ 7 the symmetric group, and A = Σ 3 the subgroup A = (1, 2), (1, 2, 3 ) ≤ Σ 7 . Then C G (A) = Σ 4 , |C G (A)| 2 = 8, and 
It suffices to let the sum range over the p-singular abelian subgroups of G by Lemma 3.14 and we may replace C S (1) Suppose that S = S − + S + where S − is a left ideal and S + a right ideal. Then
(2) Suppose that S = S 1 ∪ S 2 is the union of two left or right ideals. Then
Proof. (1) Simplices in S not entirely contained in S − or S + contain b < a for some b ∈ S + and some a ∈ S − . They have the form b < a, b < a < a 0 < · · · < a d , b 0 < · · · < b e < b < a, or b 0 < · · · < b e < b < a < a 0 < · · · < a d .
Their contribution to the Euler characteristic of
More generally, in case S = j∈J S j is the union of finitely many left or right ideals S j then there is an inclusion-exclusion principle
as we see by induction from Proposition 3.20.
(2).
Suppose that A is a p-regular group acting on G and let H be an A-normalized p-subgroup of G. 
there are adjunctions We note that
where we use that [
Corollary 3.21. Let A be a p-regular group acting on G. 
Proof. 
This identity is tautological when A is trivial.
Since the weighting (coweighting) of C S p+ * G (A) is concentrated on the G-radical p-subgroups (elementary abelian p-subgroups) (Lemma 3.11), the left (right) ideals of Corollary 3.21. 
We note that χ(C S p+ * G (A)) and χ(S p+ * C G (A) ) may not be equal, that both reduced Euler characteristics are divisible by the p-part |C G (A)| p , and that, in each column, the differences of Corollary 3.21.(3) between the first two numbers and the next two numbers are equal.
The orbit category of p-subgroups
Write O G for the category of subgroups, H and K, of G with morphism sets and automorphism groups
where N G (H, K) = {x ∈ G|H x ≤ K} is the transporter set. In other words, O G is the finite EI-category whose objects are the transitive G-orbits G/H and whose morphisms are the left G-maps G/H → G/K between the orbits: The effect of
is the full subcategory of O G generated by all the p-subgroups of G. 
where the sum is over all cyclic p-subgroups C of G.
Proof. Declare two p-singular elements to be equivalent of they generate the same cyclic subgroup. The set of equivalence classes is the set of cyclic p-subgroups C of G. The number of elements in the equivalence class C is the number of generators of C: 1 if |C| = 1 and
Let V be an elementary abelian p-group (or a finite dimensional vector space over the finite field F p with p elements).
Proposition 4.4. The function
otherwise is a coweighting for the orbit category O V .
Proof. The assertion is that
for any subspace U 2 of V . This is easily verified.
be the full subcategory of O V generated by all objects but the final object V .
is the 0-object category when dim V = 0 and the 1-object category given by the group V when dim V = 1. 
. There are equivalences of categories
for any subgroup H of K. We observe that there is an obvious identification of morphism sets,
and we use this identification to define i K on morphism sets. By construction, i K is full and faithful, and as it is also essentially surjective on objects, i K is an equivalence of categories. Finally, we have that 
where the first sum is over the set of p-subgroups H of G and the second one over the set of conjugacy classes of such subgroups.
Proof. Lemma 3.6 implies that the weightings for [O
) is the weighting for S p G /G. 
For our purposes it will be convenient to isolate the contribution from the trivial subgroup and rewrite Equation (4.8) on the form (4.9)
that will allow us to verify that the theorems of Frobenius and Brown are equivalent. Proof. Assume first that Frobenius' Theorem 4.1 holds. In Equation (4.9), we may assume that
Thus every term in the sum is divisible by |G| p and so is |G p | by assumption. We conclude that χ(S p+ * G ) is divisible by |G| p . This is Brown's Theorem 4.2.
Next assume that Brown's Theorem 4.2 holds. In Equation (4.9) 
is the manifestation of Equation (4.8) for G = Σ(q). Here,
where Σ + is the set of positive roots of Σ. This follows from Equation Since also,
KB(Σ, J) we conclude that Equation (4.8) for Σ(q) has the form (4.13) 
The sequence |(Σ n ) 2 | begins with 1, 2, 4, 16, 56, 256, 1072, 11264, 78976, 672256 for 1 ≤ n ≤ 10 (OEIS A005388). The p-radical subgroups of the symmetric group are described in [3, §2] and [24, Lemma 2.2] as follows: Let r = (c 1 , c 2 , . . .) be a finite sequence of natural numbers c i ≥ 0. Define the degree at p of the sequence r to be
The set S p+ * +rad Σn /Σ n of conjugacy classes of nonidentity Σ n -radical p-subgroups is in bijective correspondence with the set of nonempty multisets R = {r 1 , r 2 , . . .} of finite sequences r i such that i deg p r i ≤ n. There are extra restrictions, somewhat ignored in [3, 24] , in case p = 2 or p = 3 since O 2 (Σ n ) is nontrivial (only) for n = 2, 4 and O 3 (Σ n ) is nontrivial (only) for n = 3. In case p = 2 we must also demand that
• n − i deg p r i does not equal 2 or 4 • none of the sequences (1), (1, 1) , . . . has multiplicity 2 or 4 in the multiset R and when p = 3 we must also demand that
• n − i deg p r i does not equal 3 • none of the sequences (1), (1, 1) , . . . has multiplicity 3 in the multiset R The correspondence of [3, §2] sends the multiset R = {r 1 , r 2 , . . .} to the p-radical subgroup A R = 1 × A r1 × A r2 × · · · where 1 is the trivial subgroup of the symmetric group on n− i deg p r i elements and the A ri s are certain (iterated) wreath products of elementary abelian subgroups. We can now fill out the table 
In particular, − χ(S 2+ * Σ8 ) = −512 and − χ(S 2+ * GL 3 (F2) ) = 8 (agreeing with Equation (4.12)) and
correctly counts the number |(Σ 8 ) 2 | of 2-singular elements in Σ 8 (Propositions 3.2, 4.7). It is, however, still unclear how to continue the computer generated sequence 
The category O (G,A) is defined to be the subcategory of the centralized subcategory with the same objects but with morphism sets, and automorphism groups
and with composition 
, then K g is normalized by A and [g, A] ≤ K as we have the commutative square
The free right action of 
and thus
For later use we record that 
By using nonabelian cohomology groups we can get a similar result in a slightly different situation.
As a special case, suppose that V is a finite dimensional 
Proposition 4.22. Let A be a finite group acting on the finite dimensional F p -vector space V . The function
This shows that the function k • is a coweighting on O (V,A) .
Let O [1,V ) (V,A) be the full subcategory of O (V,A) generated by all its object but the final object V . Lemma 4.23. Let A be a finite group acting on the finite dimensional F p -vector space V . Then (1) The function
is a coweighting for the centralized orbit category 
is the density of p-singular elements in C G (A).
. This observation shows that that there are category equivalences
and, using (4.18), it follows that Similarly, there are equivalences of categories 
We can now the generalize the global formula below Proposition 4.7 to an equivariant situation.
Proof of Theorem 1.1. (1) . The equation 
where by Proposition 3.13
The weighting values are k 
which indeed equals the number |C G (A) 2 | of 2-singular elements of C G (A). Alternatively, Equation (1.2) applied directly to C G (A) = C 6 has the form
= {O 2 C 6 } has but one element. This shows that the these two formulas are quite different from one another. The centralizer [14, §2.7] . It seems to be well-known, although I have not been able to find an explicit reference in the literature, that in fact there is a an isomorphism of posets
induced by the map P J → C P J (γ) defined on the set of standard γ-invariant parabolic subgroups P J where J ⊂ Π is any τ -invariant set of fundamental roots. Consequently,
) m even and the equivariant relations of Theorem 1.1. (1)- (2) 
with summation over all nonidentity A-normalized p-subgroups of G, or, equivalently,
with summation over all isomorphism classes of objects of O p+ * (G,A) . Write each term of the sum as a product
of two factors. Both these factors are integers. The first factor is an integer because, by induction, we may assume that 
be the subposet of Y consisting of all elements y ∈ Y with a nontrivial isotropy subgroup B y . Define Z to be the subposet of S * We now use a computer to check Equations (5.2)-(5.4) in case of the Mathieu group G = M 11 . The computations of Example 5.6 were carried out using Magma [5] . In each of these four tables the sum of the numbers of the bottom row is z p (M 11 )|M 11 | and thus Equation (5.3) holds for G = M 11 for all primes p ∈ p(G).
Similar machine computations demonstrate that KRC p (G) is true when G = M 11 , M 12 , M 22 , M 23 , M 24 is one of the five Mathieu groups or G = J 1 , J 2 , J 3 one of the three first Janko groups and p is any prime divisor of |G|.
The orbit category π-subgroups
Let π is a nonempty set of primes. In this short section we consider the orbit category O π G of π-singular subgroups of G. The arguments here will be minor variations of the ones used in the case considered above where π consisted of a single prime. where k • and k • are the unique isomorphism invariant weighting and coweighting on C [12, Theorem 3.7] . If the weighting is concentrated on I then χ(C ) = χ(I ) and if the coweighting is concentrated on J then χ(C ) = χ(J ).
With more sophisticated methods it is possible to generalize Corollary 4.5. 
